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Description 

BACKGROUND OF THE INVENTION 
Field of the invention 

This invention relates to automatic power trans- 
missions providing a plurality of gear reduction 
ratios, such as automatic mechanical transmissions 
(i.e. "AMTs"). and, to control systems and methods 
therefor. In particular, the present invention relates 
to control systems and methods for automatic me- 
chanical transmission systems wherein gear selec- 
tion and shift decisions are made and/or executed 
based upon measured and/or calculated param- 
eters such as vehicle or transmission output shaft 
speed, transmission input shaft speed, engine 
speed, throttle position, rate of change of throttle 
position, rate of change of vehicle and/or engine 
speed and the like. More particularly, the present 
invention relates to a method for controlling an 
AMT system utilizing sensors for providing input 
signals indicative of engine, transmission Input 
shaft and transmission output shaft rotational 
speeds including sensing of a faulty signal from 
one of such sensors and modifying the system 
operation logic in tolerance of such fault. 

Description of the Prior Art 

The use of automatic transmissions of both the 
automatic mechanical type utilizing positive 
clutches and of the planetary gear type utilizing 
frictional clutches is well known in the prior art as 
are control systems therefor. Electronic control sys- 
tems utilizing discrete logic circuits and/or software 
controlled microprocessors for automatic transmis- 
sions wherein gear selection and shift decisions are 
made based upon certain measured and/or cal- 
culated parameters such as vehicle speed (or 
transmission output shaft speed), transmission in- 
put shaft speed, engine speed, rate of change of 
vehicle speed, rate of change of engine speed, 
throttie position, rate of change of throtUe position, 
full depression of the throttle (i.e. "kickdown"). ac- 
tuation of the braking mechanism, currentiy en- 
gaged gear ratio, and the like are known in the 
prior art. Examples of such 
automatic/semiautomatic transmission control sys- 
tems for vehicles reflecting the preambles of the 
method claim 1 and the apparatus claim 17 may 
be seen by reference to U.S.A. 4,361.060; 
4.551.802; 4,527,447; 4.425.620; 4.463.427; 
4.081.065; 4.073,203; 4.253,348; 4.038,889; 
4,226,295; 3.776.048, 4.208,929; 4,039.061; 
3.974.720; 3,478.851 and 3,942.393. 

While the above referenced automatic/semi- 
automatic transmission control systems, and similar 
systems, are effective to control an automatic 



transmission by selecting a desired gear ratio 
which will tend to optimize the fuel economy and/or 
performance of the vehicle in view of the sensed 
parameters and then commanding a shift into the 

5 selected gear ratio, such control systems were not 
totally acceptable as tiie predetermined programs 
utilized did not include logic routines, or methods, 
to recognize and Identify a fault In the input signals 
from one of the speed sensors and/or could not 

10 modify the predetermined program to provide a 
tolerance to such a sensed fault 

S""imary of the Invention 

75 In accordance with the present invention, the 

drawbacks of the prior art have been overcome or 
minimized by providing a control system, prefer- 
ably an electronic control system, and control 
method, for automatic/semiautomatic mechanical 

20 transmission systems wherein gear selection and 
shift decisions are made and/or executed based 
upon measured and/or calculated parameters in- 
cluding at least input signals indicative of engine 
speed, transmission input shaft speed and trans- 

25 mission output shaft speed. Other 
Inputs/parameters, such as signals indicative of 
throttle position and/or rate of change of throttle 
position, condition of the master clutch, currentiy 
engaged gear ratio, operation of tine vehicle brakes, 

30 and the like are also utilized to make decisions for 
control of the AMT system. 

The predetermined logic rules or programs by 
which the various Input signals are processed in- 
clude a method for detecting a fault in the input 

35 signals from one or more of the speed sensors and 
a method for modifying the predetermined logic in 
response to a sensed fault In any one of the speed 
sensors to provide an acceptable, if less than op- 
timal, set of logic rules for continuing operation of 

40 the AMT system until such time as the fault ceases 
or is corrected. 

A speed sensor input signal is considered to 
be faulty If tiie value thereof is not, within accept- 
able tolerance limits, indicative of the true rotational 

46 speed of the device monitored by the relevant 
sensor. 

The above is accomplished by establishing a 
set of relationships between the engine speed sig- 
nal, the transmission input shaft speed signal and 

50 tiie transmission output shaft speed signal which, 
under defined condition, must be tme. If. under the 
defined conditions, these relationships are not true, 
a fault in the input signals from one or more of the 
sensors exists, and various relationships are evalu- 

55 ated to identify the one or more faulty sensors. If 
only one sensor is In fault, the logic routines are 
modified to allow a continued system operation, in 
tolerance of such a sensed fault, until such time as 
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the fault disappears (1.9, self-corrects) and/or is 
corrected. 

Utilizing an alternate control method or algo- 
rithm structured specifically to a sensed non-stan- 
dard condition, such as a sensed faulty input sig- 
nal, in place of the control algorithm utilized in the 
absence of such non-standard conditions is, for 
purposes of describing this invention, referred to a 
modification to the control algorithm or program by 
which the input signals are processed for issuing 
the command output signals by which the AMT Is 
controlled. 

Accordingly, it is an object of the present in- 
vention to provide a control method for automatic 
mechanical transmission systems which Involves 
sensing and identifying a fault in the speed sensors 
and modifying the logic routines or algorithms by 
which the system is operated In tolerance of such 
sensed fault 

This and other objects and advantages of the 
present invention will become apparent from a 
reading of the description of the preferred embodi- 
ment taken in connection with the attached draw- 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIQ. 1 is a schematic illustration of the compo- 
nents and interconnections of the automatic me- 
chanical transmission control system of the present 
invention. 

FIGS. 2A-2E are symbolic illustrations, in the 
form of a flow chart, illustrating tiie preferred man- 
ner of practicing the method of the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

FIG. 1 schematically illustrates an automatic 
mechanical transmission system 10 including an 
automatic multi-speed compound change gear 
transmission 12 driven by a throttie controlled en- 
gine 14, such as a well known diesel engine, 
through a master clutch 16. An engine brake,- such 
as an exhaust brake 17 for retarding the rotational 
speed of engine 14 and/or an input shaft brake 18 
which is effective to apply a retarding force to the 
input shaft upon disengagement of master clutch 
16 may be provided as is known in the prior art. 
The output of automatic transmission 12 is output 
shaft 20 which is adopted for driving connection to 
an appropriate vehicle" component such as the dif- 
ferential of a drive axle, a transfer case or the like 
as Is well known in the prior art. 

The above mentioned power train components 
are acted upon and monitored by several devices, 
each of which will be discussed In greater detail 
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below. These devices include a throttle position or 
tiirottie opening monitor assembly 22 which senses 
the position of the operator controlled vehicle throt- 
tie or other fuel tiirottiing device 24, a fuel control 

5 device 26 for controlling the amount of fuel to be 
supplied to engine 14, an engine speed sensor 28 
which senses the rotational speed of the engine, a 
clutch operator 30 which engages and disengages 
clutch 16 and which also supplies information as to 

10 the status of the clutch, an input brake operator 31 , 
a transmission Input shaft speed sensor 32, a 
transmission operator 34 which is effective to shift 
the transmission 12 into a selected gear ratio and 
to provide a signal indicative of currently engaged 

75 ratio, and a transmission output shaft speed sensor 
36. As well known the gear ratio can be calculated 
by comparison of the Input shaft and output shaft 
speeds, A vehicle brake monitor 38 senses ac- 
tuation of vehicle brake pedal 40. 

20 The above mentioned devices supply informa- 
tion to and/or accept commands from a central 
processing unit or control 42. The central process- 
ing unit 42 may include analogue and/or digital 
electronic calculation and logic circuitry, the spe- 

25 cific configuration and struture of which forms no 
part of the present invention. The central process- 
ing unit 42 also receives information from a shift 
control assembly 44 by which the vehicle operator 
may select a reverse (R), neutral (N), or forward 

30 drive (D) mode of operation of the vehicle. An 
electrical power source (not shown) and/or source 
of pressurized fluid (not shown) provides electrical 
and/or pneumatic power to the various sensing, 
operating and/or processing units. A fault indicator 

35 or alarm 46 may display the identity of a specific 
fault or simply signal the existence of an unidenti- 
fied fault. Drive train components and controls 
therefor of the type described above are known in 
the prior art and may be appreciated in greater 

40 detail by reference to above mentioned US-A- 
4361060; 3778048; 4038889 and 4226295. 

Sensors 22. 28. 32. 36, 38 and 44 may be of 
any known type or construction for generating ana- 
logue or digital signals proportional to the param- 

45 eter monitored thereby. Similarly, operators 17, 31. 
26, 30 and 34 may be of any known electrical, 
pneumatic or electropneumatic type for executing 
operations in response to command signals from 
processing unit 42. Fuel control 26 will normally 

so supply fuel to engine 14 In accordance with the 
operator's setting of throttle 24 but may supply a 
lesser (fuel dip) or greater (fuel boost) amount of 
fuel in accordance with commands from control 
unit 42. 

55 The purpose of the central processing unit 42 

is to select, in accordance witii a program (i.e. 
predetermined logic rules) and current or stored 
parameters, the optimal gear ratio at which the 
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transmission should be operating and, If necessary, 
to command a gear change, or shift, into the se- 
lected optimal gear ratio based upon the current 
and/or stored information. 

The various functions to be performed by cen- 
tral processing unit 42. and a preferred manner of 
performing same may be seen in greater detail by 
reference to published Society of Automotive En- 
gineers SAE Paper No. 831776 published Novem- 
ber 1983. 

The three speed sensors, namely engine 
speed sensor 28, transmission Input shaft speed 
sensor 32 and transmission output shaft speed 
sensor 36 provide signals for processing by the 
central processing, unit 42 which are important for 
optima! operation of the clutch operator 30, optimal 
selection of desired gear ratio and optimal synchro- 
nization of transmission 12 during an upshift or 
downshift. 

It is important that the inputs provided by 
speed sensors 28, 32 and 36 be periodically veri- 
fied, and, if a fault is detected, the faulty sensor or 
sensors be identified and. If only one of the three 
sensors is faulty, a modified logic be utilized to 
control system 10 which is tolerant to the identified 
faulty sensor, 

The method of the present invention for verify- 
ing the inputs from the speed sensors 28, 32 and 
36, for identifying a faulty sensor and for adapting 
an appropriate fault tolerant logic for processing the 
input signals is schematically illustrated on Figures 
2A-2D. The symbol " = " is used to identify an 
equal; within allowed tolerance. The symbol "0" is 
utilized to identify the number zero and the symbol 

is utilized to identify a not equal within allowed 
tolerance relationship. As stated above, the control 
or CPU 42 receives various Input signals and pro- 
cesses these and/or stored information in accor- 
dance with a program of predetermined logic njles 
to issue command output signals for operation of 
the AMT system 10. The present invention is also 
applicable to methods for controlling AMT systems 
which are less than fully automated, such as sys- 
tems which automatically execute shifts manually 
requested by the vehicle operator. 

Fault Detection and Isolation 

Periodically, preferably at least once during 
each period of time in which the various mechani- 
cal actuators can react to a command output sig- 
nal, tiie logic or control method utilized in process- 
ing unit 42 will attempt to verify tiie nonfaulty 
operation of the speed sensors 28, 32 and 36, and, 
if a fault is detected, identify the faulty sensor and, 
if possible, modify tiie control logic in a manner 
tolerant to such a sensed fault. 

Assuming central processing unit 42 Is a 



microprocessor based conti'ol unit, a complete cy- 
cle of processing current and stored parameters 
and issuing command output signals can be ac- 
complished in less than 15-20 milliseconds while a 

s typical actuator, such a solenoid controlled valve or 
the like, will require a minimum of 20-30 millisec- 
onds to cause even initial movements of an oper- 
ator such as clutch operator 30. 

Preferably, tiie first step is to verify the non- 

10 faulty operation of the speed sensors, and if veri- 
fied to proceed with the remainder of the control 
algorithm. The correct operation of the sensors can 
be verified if two conditions are met, the coupling 
16 must be fully engaged (i.e. not slipping) and the 

15 transmission must be engaged in a known ratio. Of 
course, this assumes the vehicle engine 14 is op- 
erating at at least idle rpm. In a known currentiy 
engaged ratio, tiie gear ratio ("GR") between the 
input shaft and output shaft will have a known 

20 value, if the above conditions are isatisfied, Engine 
Speed ("ES") equals Input Shaft Speed ("IS") 
equals the Gear Ratio ("GR") multiplied by Output 
Shaft Speed ("OS"), or: 

25 ES = IS = GR • OS. 

If the above is true witiiin the tolerance allowed for 
acceptable operations, the speed sensors are con- 
sidered to be operating without fault. It is important 

30 to note that this verification can only be performed 
•rf tiie master clutch 16 (or other coupling having a 
substantially nonsllpping condition) Is fully engaged 
and the transmission 12 is engaged in a known 
drive (not neutral) ratio. 

35 If a speed sensor Input signal fault or faults is 

detected, the identity of the faulty sensor must then 
be determined. To do tiiis three error values (Ei, 
Ea and E3) are calculated under the required test- 
ing conditions: 

40 

El = |ES - 1S| 

E2 = |ES - (GR • OS)l 

E3 = |IS - (GS * 0S)| 

45 All of the values Ei, E2 and Eg should, when the 
clutch is fully engaged and a known ratio is en- 
gaged, be essentially zero In the absence of a 
fault As each of the speed signals, ES, IS and OS, 
appear in only two of the three relationships, if any 

50 two. but not all tfiree, of the absolute values of Ei , 
E2 and E3 are greater than an allowable tolerance 
value, tiie identity of the faulty or failed speed 
sensor can readily be identified. For example, if Ei 
= 0 and E2 * 0 and E3 ^ 0. then OS is preferably 

55 the faulty input signal as OS appears in tiie E2 and 
E3 calculations, but not in the Ei calculation. 

Since the input signal from each speed sensor 
is involved in two of the error values, it requires an 
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error count of two against a sensor to indicate that 
it is faulty. Preferably, a fault must be detected on 
at least two consecutive passes through the peri- 
odic speed sensor verification loop before a fault Is 
declared. Initially, a straight forward approach of 
declaring any sensor that has an error count of two 
to be faulty is used. Subsequently, additional tests 
are made to determine If this Is the correct inter- 
pretation of the facts. 

The primary problem that can occur with the 
above fault determination algorithm is that many of 
the most likely failure modes that can occur with a 
speed sensor circuit will cause the output to go to 
zero. Therefore. It Is quite possible for two sensors 
to fail in such a manner and wind up agreeing with 
each other and disagreeing with the third speed 
sensor input which is the one that is actually cor- 
rect. The above described logic will erroneously 
determine that the two bad sensors are correct and 
the third one that is actually OK has failed. There- 
fore, further checks are required to detect this 
condition. 

The method used depends on the fact that the 
transmission 12 should never be In gear with the 
clutch 16 engaged when all three shafts are at zero 
RPM. Therefore, if two shaft sensors ever agree 
during the fault checks and they are at zero RPM, 
then they have failed and the third sensor is prob- 
ably accurate. The accuracy of the third sensor 
cannot be verified since there is nothing to check It 
against and is irrelevant at any rate because the 
detection of two failed sensors preferably causes 
the transmission system 10 to go Into a fault hold 
mode. 

Failed Sensor Data Corrections 

Should a single faulty speed sensor input sig- 
nal be Identified, it is desirable that a warning of 
such failure be provided so that corrective action 
may be taken, and that the control algorithms be 
modified so that the vehicle can continue to op- 
erate until such time as the fault self-corrects or is 
corrected. For this reason a fault alarm/indicator 46 
Is provided which preferably will identify the par- 
ticular faulty sense r(s). 

A separate and slightly different approach is 
taken in solving the problem of correcting the iden- 
tified faulty speed input signal values for each of 
the engine 14. Input shaft and output shaft 20. 
These fault tolerance modifications will be dis- 
cussed separately below. 

Engine Speed Sensor 28 Correction 

The engine speed, ES, is least important for 
proper synchronization of the transmission. Ordi- 
narily it is only used to provide for closed loop 



control of clutch 16 engagement when starting the 
vehicle from a stop (as described in above-men- 
tioned U.S. -A- 4081065) and for synchronization of 
the engine with the Input shaft during reengage- 

s ment of the clutch after a shift. 

The approach used to correct the engine 
speed value is to make ES equal to IS whenever 
tiie clutch is engaged. When the clutch is not 
engaged, ES is assumed to be the last known IS 

TO value and an open loop method of clutch engage- 
ment is utilized for vehicle starts and for reap- 
piication of power after a shift. 

Input Shaft Speed Sensor ^ Correction 

The input shaft speed input signal, IS, is con- 
siderably more important to the system than the 
engine speed since It Is required for synchroniza- 
tion during a shift. Therefore, greater efforts must 

20 be made to accurately determine the input shaft 
speed at all times. 

If the clutch 16 is engaged, tiien the input shaft 
speed, IS, is set equal to tiie engine speed, ES. If 
the clutch is not engaged but the transmission is In 

25 gear, then the Input shaft speed is set equal to the 
output shaft speed times tiie overall gear ratio of 
the transmission. OS * GR. If the transmission is 
neither in gear nor is the clutch engaged then, if a 
shift is In progress and GR ' OS is greater than ES 

30 idle, IS = ES, othenYise ttie input shaft speed is 
assumed to be zero. 

The above method for modifying the control 
logic in view of faulty IS values works out quite well 
due to tiie fact that tiie synchronization algorithms 

36 for the transmission are preferably modified slightiy 
when an input shaft sensor has been found to have 
failed by keeping the clutch engaged neariy all tiie 
time during a shift and eliminating the use of tiie 
Inertia brake 18 on upshifts. This results in slower 

40 . up shifts but still provides very adequate synchro- 
nization. 

Output Shaft Speed Sensor Correction 

45 The output shaft speed input signal, OS. is tiie 

most critical for proper transmission operation and 
Is also tiie one that Is most difficult to compensate 
for upon failure. The problem is that in System 10. 
when the transmission 12 is out of gear there is 

50 absolutely no other way to accurately determine 
the output shaft speed. The method for achieving 
synchronization upon loss of this sensor Is to ex- 
amine the state of the system before the transmis- 
sion Is taken out of gear and to presume tiiat 

55 nothing is going to change substantially during the 
brief Interval while it is not in gear. 

f If the transmission is in gear the output shaft 
speed Is set equal to the input shaft speed divided 
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by the overall gear ratio of the transmission (i.e. OS 
= IS/GR). Furthermore, on the first pass through 
the periodic loop where a shift in progress is found 
to be toie, the current acceleration value calculated 
for the output shaft, d(IS/QR)/dt, is saved (this s 
occurs well before the transmission Is actually tak- 
en out of gear). 

If the transmission is taken out of gear then the 
following scheme is used. If neutral Is being se- 
lected by the driver then OS is set to zero. Other- io 
wise, if the saved value for output shaft accelera- 
tion is less than zero and the brake switch 38 
indicates application of the brakes, then output 
shaft speed Is decremented in a straight line fash- 
con from the last known speed at a rate determined is 
by the saved acceleration value. Finally, if neither 
of the above conditions is true then output shaft 
speed is held constant at the last known speed. In 
practice, this algorithm appears to work quite welf. 

Preferably, the values of the Input signals from 20 
the sensors are evaluated for possible faults during 
each control loop and, if a sufficient number of 
passes through the loop occurs without detection of 
a fault, the previously made fault determinations 
will be cleared. This is Important as the speed 25 
sensors can fail in an intermittent fashion. 

Although the AMT system 10 has been de- 
scribed as utilizing a microprocessor based controi 
42 and the methods and operations carried out as 
software modes or algorithms, it is clear that the so 
operations can also be carried out in 
electronic^luidic logic circuits comprising discrete 
hardware components. 

Clutch operator 30 is preferably controlled by 
the central processing unit 42 and may engage and 3S 
disengage master clutch 16 as described in above- 
mentioned U.S. -A- 4081065. Transmission 12 may 
include synchronizing means, such as an accelera- 
tor and/or a brake mechanism as described in U.S. 
-A- 3478851 . The transmission 12 Is preferable, but 40 
not necessarily, of the twin countershaft type as is 
seen in U.S. -A- 3105395. 



45 

Clafms 

1. A method for controlling an automatic me- 
chanical transmission system (10) for devices 
having a throttie-controlled engine (14), a so 
transmission (12) having a plurality of gear 
ratio combinations selectively engageable be- 
tween a transmission input shaft and a trans- 
mission output shaft (20), said transmission 
input shaft being operatively connected to said 55 
engine by means of a selectably engageable 
and disengageable coupling (18) providing a 
substantially nonslipping driving connection 



between said engine and said input shaft In the 
fully engaged condition thereof, said automatic 
mechanical transmission system comprising an 
information processing unit (42) having means 
for receiving a plurality of input signals includ- 
ing (1) an input signal (30) Indicative of tiie 
fully engaged condition of the coupling; (2) an 
input signal indicative of the currently engaged 
gear ratio (GR) of the transmission; (3) an input 
signal (ES) indicative of the rotational speed of 
the engine; (4) an input signal (IS) indicative of 
the rotational speed of the transmission input 
shaft; and (5) an input signal (OS) indicative of 
the rotational speed of the transmission output 
shaft, said processing unit including means for 
processing said input signals in accordance 
with a program for generating output signals 
whereby said transmission system is operated 
in accordance with said program, and means 
(34) associated witii said transmission system 
effective to actuate said transmission system 
to effect engagement of said gear ratio com- 
binations in response to said output signals 
from said processing unit, the method char- 
acterized by: 

when said transmission is engaged in a 
known gear ratio and said coupling is fully 
engaged, sensing the presence or absence of 
faulty Input signals indicative of the rotational 
speeds of said engine. Input shaft and output 
shaft: and 

if only one of said input signals Indicative 
of the rotational speeds of said engine, input 
shaft and output shaft is determined to be 
faulty, modifying said program by Ignoring said 
Identified faulty Input signal and processing the 
remainder of said input signals in accordance 
with predetermined logic rules to determine an 
acceptable value for the identified faulty input 
signal. 

2. The method of claim 1 wherein sensing the 
presence and identity of faulty input signals 
indicative of the rotational speeds of said en- 
gine, input shaft and output shaft occurs when 
said transmission is engaged In a known gear 
ratio and said coupling is fully engaged. 

3. The method of claim 2 wherein the presence 
of a faulty input signal indicative of tfie rota- 
tional speeds of said engine, input shaft and 
output shaft is sensed if the following relation- 
ship is false: 

ES = IS = GR • OS 

where: 

ES - the value of the input signal indi- 
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cative of rotational engine speed, 
IS = the value of the input signal indi- 
cative of rotationaJ input shaft 
speed, 

OS = the value of the Input signal indi- 5 
cative of rotational output shaft 
speed, and 

GR = a signal indicative of the known 
cunrently engaged gear ratio. 

10 

4. The method of claim 2 or 3 wherein the iden- 
tity of a faulty input signal indicative of the 
rotational speed of said engine, input shaft and 
output shaft is sensed by calculating the val- 
ues of: 



E, = 0. 

Ea is greater than 0, 
Ea is greater than 0, and 
ES = IS ^ 0 

10. The method of claim 4 wherein at least two of 
ES, IS and OS are determined to be faulty if: 

El = 0. 

E2 is greater tiian 0, 
E3 is greater than 0, and 
ES = IS = 0 

11. The method of claim 4 wherein at least two of 
ES, IS and OS are determined to be faulty if: 



El = I ES - IS I 

E2 = I ES - (QR • OS) I 

Ea = I IS - (GR • OS) ] 

5. The method of claim 4 wherein ES is deter- 
mined to be faulty, and IS and OS are deter- 
mined to be not faulty if: 

E1 is greater than 0; 
E2 is greater than 0; 
E3 = 0; and 
IS = GR • OS ^ 0. 

6. The method of claim 4 wherein at least two of 
ES, jS and OS are determined to be faulty if: 

E1 is greater than 0; 
E2 is greater than 0; 
E3 = 0; and 
IS = GR " OS = 0. 

7. The method of claim 4 wherein IS Is deter- 
mined to be faulty, and ES and OS are deter- 
mined to be not faulty, If: 

El is greater than 0 
E2 = 0, 

E3 is greater than 0, and 
ES = GR • OS ^ 0 

8. The method of claim 4 wherein at least two of 
ES, IS and OS are determined to be faulty if: 

El is greater than 0 
E2 = 0. 

E3 is greater than 0, and 
ES = OS = 0 

9. The method of claim 4 wherein OS is deter- 
mined to be faulty, and ES and IS are deter- 
mined to be not faulty if: 



E, = 0. 

E2 is greater than 0, 
E3 is greater than 0, and 
20 ES = OS = 0 

12. The method of claim 7 wherein OS Is deter- 
mined to be faulty, and ES and IS are deter- 
mined to be not faulty if: 

25 

El = 0, 

E2 Is greater than 0, 
E3 is greater than 0. and 
ES = GR * OS 0 

30 

13. The method of claim 4 wherein at least two of 
ES, IS and OS are determined to be faulty if: 

El = 0, 
35 E2 is greater than 0. 

E3 Is greater than 0, and 
ES = OS = 0 

14. The method of claim 5 wherein if ES is deter- 
40 mined to be faulty, and IS and OS are deter- 
mined to be not faulty, the program is modified 
by letting ES = IS if the coupling is fully 
engaged and using the sensed value of IS 
prior to clutch disengagement if the clutch is 

4S not fully engaged. 

15. The method of claim 7 wherein if IS is deter- 
mined to be faulty, and ES and OS are deter- 
mined to be not faulty, the program is modified 

60 by letting IS = ES if the coupling is fully 

engaged, letting IS = OS * GRif the transmis- 
sion is engaged in a known gear ratio, letting 
IS « ES If a shift is in progress and if GR * OS 
is greater than 

55 engine idle speed, and otherwise letting IS = 

0. 

16. The metiiod of claim 9 wherein said input 
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signals additionally include (6) an Input signal 
(38) indicative of actuation of the vehicle 
brakes (40), and wherein if OS is determined 
to be faulty, and ES and IS -are determined to 
be not faulty, the program is modified by let- s 
ting OS = IS/GRIf the transmission is engaged 
In a 

known gear ratio, letting OS = 0 if a shift into 
transmission neutral is requested, causing a 
value equal to d(OS/QR)/dt to be calculated io 
prior to change gear shift operations and let- 
ting OS = (IS/QRy+Kwhere K is proportional 
to the time since a shift operation commensed 
and to the value of d{IS/GR)/dt at initiation of 
the shift if d(IS/GR)/dt is less than zero and the is 
vehicle brakes are applied, otherwise letdng 
OS - last known value of IS/GR. 

17. A control system for controlling an automatic 

mechanical transmission system (10) for de- 20 
vices having a throttle controlled engine (14). a 
transmission (12) having a plurality of gear 
ratio combinations selectively engagable be- 
tween a transmission input shaft and a trans- 
mission output shaft (20), said transmission 25 
input shaft being operatively connected to said 
engine by means of a selectabiy engagable 
amd disengagable coupling (16) providing a 
substantially nonslipping driving connection 
between said engine and said input shaft in the so 
fully engaged condition thereof, said automatic 
mechanical transmission system comprising an 
information processing unit (42) having means 
for receiving a plurality of input signals includ- 
ing (1) an input signal (30) indicative of the 3S 
fully engaged condition of the coupling; (2) an 
input signal indicative of the cunrently engaged 
gear ratio (GR) of the transmission: (3) an input 
signal (ES) indicative of the rotational speed of 
the engine, and (4) an input signal (IS) indica- 40 
tive of the rotational speed of the transmission 
input shaft; and (5) an input signal (OS) Indica- 
tive of the rotational speed of the transmission 
output shaft, said processing unit including 
means for processing said input signals In 45 
accordance with a program and for generating 
output signals whereby said transmission sys- 
tem is operated in accordance with said pro- 
gram, and means (34) associated with said 
transmission system effective to actuate said so 
transmission system effective to actuate said 
transmission system to effect engagement of 
said gear ratio combinations in response to 
said output signals from said processing unit, 
the control system characterized by: 55 

means defining logic rules effective when 
said transmission is engaged in a known gear 
ratio (GR) and said coupling Is fully engaged to 



sense the presence or absence of faulty input 
signals indicative of the rotational speeds of 
said engine, input shaft and output shaft; and 

further means defining logic rules effective 
if only one of said Input signals indicative of 
tiie rotational speeds of said engine, Input 
shaft and output shaft Is determined to be 
faulty, to ignore said identified faulty input sig- 
nal and to process said remaining input signals 
to determine an acceptable value for the iden- 
tified faulty Input signal. 

18. The control system of claim 17 wherein tiie 
presence of a faulty input signal indicative of 
the rotational speeds of said engine, input 
shaft and output shaft Is sensed if the following 
relationship is false: 

ES = IS =» GR • OS 

where: 

ES = the value of the input signal indi- 
cative of rotational engine speed 

IS = the value of the Input signal indi- 
cative of rotational input shaft 
speed, 

OS = the value of the input signal indi- 
cative of rotational output shaft 
speed, and 

GR = a signal Indicative of the known 
currently engaged gear ratio. 

19. The control system of claim 18 wherein the 
identity of a faulty input signal indicative of the 
rotational speed of said engine, input shaft and 
output shaft is sensed by calculating the val- 
ues of: 

El = |ES - IS] 

E2 = lES - (GR * OS)I 

Ea = |1S - (GR • 0S)| 

20. The control system of claim 1 9 wherein ES is 
determined to be faulty, and IS and OS are 
determined to be not faulty if: 

El is greater than 0; 
Ea is greater than 0; 
Ea = 0; and 
IS = GR ■ OS 0 

21. The control system of claim 19 wherein IS is 
determined to be faulty, and ES and OS are 
determined to be not faulty, If: 

El is greater than 0 
E2 = 0. 

E3 is greater than 0, and 
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ES = GR • OS •s' 0 

22. The control system of claim 20 wherein if ES 
IS detenmined to be faulty, and IS and OS are 
determined to be not faulty, the program is 5 
modified by letting ES = IS if the coupling if 
fully engaged and using the sensed value of IS 
prior to clutch disengagement if the clutch Is 

not fully engaged. 

10 

23. The control system of claim 21 wherein if IS is 
determined to be faulty, and ES and OS are 
determined to be not faulty, the program is 
modified by letting IS = ES if the coupling is 

fully engaged, letting IS = OS * GRif the js 
transmission is engaged in a know gear ratio, 
letting IS = ES if a shift is In progress and if 
GR * OS is greater than engine idle speed, and 
otherwise letting IS = 0. 

20 

24. The control system of claim 19 wherein said 
input signals additionally include (6) an input 
signal indicative of actuation of the vehicle 
brakes, and wherein if OS is determined to be 
faulty, and ES and IS are determined to be not 25 
faulty, the program is modified by letting OS 

= IS/GRif the transmission is engaged in a 
known gear ratio, letting OS = 0 if a shift into 
transmission neutral is requested, causing a 
value equal to d(OS/GR)/dt to be calculated 30 
prior to change gear shift operations and let- 
ting OS = (lS/GR)-i'Kwhere K Is proportional 
to the time since a shift operation commenced 
and to the value of d(lS/GR)/dt at Initiation of 
the shift if d{IS/GR)/dt is less than zero and the 35 
vehicle brakes are applied, otherwise letting 
OS = last known value of IS/GR. 



Revendlcatlons ^ 

1. Une methode pour la commande d'un syst^me 
de transmission (10) h boite de vitesse auto- 
matique, pour des dispositifs comprenant un 
moteur (14) command^ au moyen d*un accele- 4s 
rateur, une botte de vitesse (12) avec un cer- 
tain nombre de combinaisons d'engrenages, 
correspondant k diffirentes valeurs du rapport 
de transmission, pouvant etre mis en prise k 
volenti entre un arbre d'entr^e et un arbre de so 
sortie (20) de la botte de vitesse, ledit arbre 
d'entr^e de la botte de vitesse etant connect^ 
fonctionnellement audit moteur au moyen d'un 
embrayage (16) pouvant etre mis en prise ou 
debray§ k volenti et qui assure, lorsqu'tl est 55 
embrayi a fond, un accouplement d'entraTne- 
ment pratiquement exempt de patinage entre 
ledit moteur et ledit arbre d'entr^e. ledit syst&- 




me de transmission k botte de vitesse mdcani- 
que automatique comprenant un ensemble de 
traltement des informations, un processeur 
(42), 6quip§ pour recevoir un certain nombre 
de signaux d'entr#e, k savoir (1*) un signal 
d'entree (30) indiquant I'engagement k fond de 
I'embrayage ;(2*) un signal d'entree indicatif 
du rapport de transmission (GR) de la botte de 
vitesses, qui est en prise k I'instant considers ; 
(3*) un signal d'entree (ES) repr^sentatif de la 
Vitesse de rotation du moteur : (4*) un signal 
d'entree (IS) repr§sentatif de la vitesse de rota- 
tion de Tarbre d'entree de la botte de vitesse ; 
et (5*) un signal d'entree (OS) repr^sentatif de 
la Vitesse de rotation de I'arbre de sortie de la 
botte de vitesses, ledit ensemble processeur 
comprenant des moyens pour traitor lesdits 
signaux d'entree conformement k un program- 
me, afin d*§laborer des signaux de sortie de 
mani§re que ledit syst&me de transmission soit 
manoeuvre en accord avec ledit programme, 
ainsi qu'un dispositif (34) associ^ audit syst6- 
me de transmission, agissant sur ladite botte 
de vitesses pour obtenir la mise en prise des- 
dites combinaisons d'engrenage assurant les 
rapports de transmission convenables en re- 
ponse aux signaux de sortie dudit ensemble 
processeur. cette methode ^tant caract^risde 
par le fait 

que lorsque ladite botte de vitesses est en 
prise avec un rapport de transmission connu et 
que ledit embrayage est engage k fond, on 
obsen^e la presence ou I'absence de discor- 
dances dSnotant des dSfauts dans les signaux 
repr^sentatifs des vitesses de rotation dudit 
moteur, de I'arbre d'entree et de Tarbre de 
sortie puis, si un seul desdits signaux d'entree, 
repr^sentatifs des vitesses de rotation respecti- 
ves du moteur. de I'arbre d'entree et de I'arbre 
de sortie apparalt comme §tant incorrect, on 
modlfie ledit programme de fagon k ignorer 
ledit signal d'entree reconnu comme etant d§- 
fectueux et a traitor les signaux d'entree qui 
subsistent selon des regies de loglque pred^- 
terminees, de manl^re k elaborer une valeur 
acceptable pour le signal d'entree d^fectueux 
qui a identifiS. 

2. La methode selon la revendication 1 . caract^ri- 
s^e par le fait 

que la detection et Tidentification des si- 
gnaux errones, parmi lesdits signaux d'entree 
repr^sentatifs des vitesses de rotation dudit 
moteur, de I'arbre d'entree et de I'arbre de 
sortie, s'effectuent alors que ladite botte de 
vitesses est en prise sur un rapport de tran- 
smission connu et que ledit embrayage est 
engage k fond. 
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3. La m^thode selon la revendication 2. caracteri- 
s^e par le fait 

que la presence d'un defaut, dans les si- 
gnaux d'entr^e repr^sentatifs des vitesses de 
rotation dudit moteur, de I'arbre d'entree et de 
Tarbre de sortie est d^tect^e lorsque la relation 
ci-dessous n'est pas satisfaite : ES » is - 
GR*OS 

cO ES = valeur du signal d'entree reprisenta- 
tif de la vitesse de rotation du nnoteur, 

IS = valeur du signal d'entree representa- 
tif de la vitesse de rotation de I'arbre d'entree, 

OS = valeur du signal d'entree repr^sen- 
tatif de. la vitesse de rotation de i'arbre de 
sortie. 

GR = signal dMdentification du rapport de 
transmission qui. est en prise k I'instant consi- 
dir^. 

4. La methode salon la revendication 2 ou 3, 
caract^risde par ie fait 

que ridentiftcation d'un signal d'entree 66- 
fectueux, parmi les signaux representatifs de (a 
Vitesse de rotation dudit moteur, de Tarbre 
d'entree et de I'arbre de sortie, se fart en 
calculant les valeurs des relations ci-dessous : 

E1 = |ES - ISJ 

E2 = |ES - (QR * 0$)| 

E3 = |IS - (GR • 0S)| 

5. La mSthode selon la revendication 4, caract^ri- 
s^e par ie fait 

que ES est reconnu com me etant errone 
tandis que IS et OS sont reconnus comme 
etant corrects si : 

E1 est plus grand que 0 
E2 est plus grand que 0 
E3 = 0 et 
IS = GR * OS *0 

6. La methode selon la revendication 4, caracteri- 
$§e par le fait 

que deux au moins parmi les trois signaux 
ES, IS et OS sont detectis comme 6tant erro- 
nes si : 

El est plus grand que 0; 
E2 est plus grand que 0; 
E3 = 0; et 
IS = GR • OS = 0 

7. La m4thode selon la revendication 4, caracteri- 
see par le fait 

que IS est ddtermlnS comme §tant erron^. 
tandis que ES et OS sont ditermin^s comme 
6tant corrects, si : 
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E1 est plus grand que 0 
E2 = 0 

E3 est plus grand que 0, et 
5 ES = GR • OS 0 

8. La methode selon la revendication 4, caractdri- 
see par le fait 

que deux au moins des trois signaux ES, 
70 IS et OS sont d^termin^s comme etant erro- 

n4s, si : 

E1 est plus grand que 0, 
E2 = 0 

75 E3 est plus grand que 0, et 

ES = OS « 0 

9. La methode selon la revendication 4, caract^ri- 

see par fe fait 

20 que OS est determine comme dtant erro- 

n6, tandis que ES et IS sont determines com- 
me etant corrects, si : 

El = 0, 

25 E2 est plus grand que 0, 

E3 est plus grand que 0, et 
ES = IS ^ 0 

10. La methode selon la revendication 4. caracteri- 
30 s^e par le fait 

que deux au moins des trois signaux ES, 
IS et OS sont d§termin^s comme ^tant erro- 
nSs, si : 

35 El = 0. 

E2 est plus grand que 0, 
E3 est plus grand que 0. et 
ES = IS = 0 

40 11. La methode selon la revendication 4, caracteri- 
s6e par le fait 

que deux au moins des trois signaux ES, 
IS et OS sont d^terminds comme ^tant erro- 
nes. sl : 

45 

E1 = 0, 

E2 est plus grand que 0, 
E3 est plus grand que 0, et 
ES s OS = 0 

50 

12. La methode selon ta revendication 7. caracteri- 
see par le fait 

que OS est determine comme 6tant erro- 
ne, tandis que ES et IS sont dStermlnSs com- 
65 me etant corrects si : 

El = 0. 

E2 est plus grand que 0. 



10 



19 EP 0 241 216 B1 



E3 est plus grand que 0. et 
ES = GR • OS 0 

13. La mithode selon la revendication 4, caract§ri- 

s^e par le fait s 

que deux au molns des trois signaux ES, 
IS et OS sont d^termln^s comme 4tant errones 

si : 

E1 = 0. 10 
E2 est plus grand que 0, 
E3 est plus grand que 0, et 
ES = OS 0 

14. La methode selon la revendication 5, caracteri- is 
sSe par le fait 

que si ES est determine comme 6tant 
erron§, tandls que IS et OS sont determines 
comme etant corrects, on modifie le program- 
me en admettant que ES = IS si Tembrayage 20 
est engage k fond, et en utilisant la valeur de 
IS captie avant le d^brayage. si I'embrayage 
n'est pas engage k fond. 

15. La methode selon la revendication 7, caracteri- 25 
see par le fait 

que si IS est determine comme etant erro- 
ne, tandis que ES et OS sont determines com- 
me etant connects, on modifie le programme en 
admettant que IS = ES si I'embrayage est 30 
engage k fond, en admettant que IS = OS * 
GRsi la boUe de vitesses est en prise avec un 
rapport de transmission connu. en admettant 
que IS = ES si un passage de vitesses est en 
cours d'execution et sl le prodult GR * OS est 3S 
plus grand que la Vitesse de ralenti du moteur, 
et que IS = 0 dans le cas contraire. 

16. La metliode selon la revendication 9, caracteri- 

see par le fait que lesdits signaux d 'entree 40 
comprennent en plus (6*) un signal d'entree 
(38) indiquant Tactivatlon (40) des freins du 
vehicule, et que si OS est determine comme 
etant emm alors que ES et IS sont determi- 
nes comme etant corrects, on modifie le pro- 45 
gramme en admettant que OS = IS/GRsi la 
bolte de vitesses est en prise sur un rapport 
de transmission connu, en admettant que OS 
= 0 si un passage au point mort est demande, 
ce qui determine le calcul d'une valeur egale k so 
d(OS/GR)/dt, prealablement aux operations de 
passage de vitesses et k admettre que OS = 
{lS/GR)/ + KoQ K est proportionnel au temps 
qui s*est ecouie depuls le commencement 
d'une manoeuvre de passage de vitesses, et k ss 
la valeur de d(lS/GR)/dt k I'instant oO a com- 
mence ladite manoeuvre si la valeur de d- 
(IS/GR)/dt est plus petite que zero (c*est-ii-dire 



negative) et que les freins du vehicule sont 
aclionnes, en conservant dans le cas contraire 
OS = la dernifere valeur connue de IS/GR. 

17. Un systeme de commande pour commander 
un systeme de transmission (10) k boTte de 
vitesses automatique, pour des dispositifs 
comprenant un moteur (14) commande au 
moyen d'un acceierateur, une bolte de vites- 
ses (12) avec un certain nombre de combinai- 
sons d'engrenages, correspondant k differen- 
tes valours du rapport de transmission, pou- 
vant §tre mis en prise k volontS entre un arbre 
d'entree et un arbre de sortie (20) de la boTte 
de vitesses, ledit arbre d'entree de la bolte de 
vitesses etant connecte fonctionnellement audit 
moteur au moyen d'un embrayage (16) pou- 
vant §tre mis en prise ou debraye a volonte et 
qui assure, lorsqu'il est engage k fond, un 
accouplement d'entratnement pratiquement 
exempt de patinage entre ledit moteur et ledit 
arbre arbre d'entree, ledit systeme de tran- 
smission k boUe de vitesses automatique com- 
prenant un ensemble de traitement des infor- 
mations, un processeur (42), equipe pour rece- 
voir un certain nombre de signaux d'entree. k 
savoir (1*) un signal d'entree (30) indiquant 
i'engagement k fond de I'embrayage ; (2* ) un 
signal d'entree indicatif du rapport de transmis- 
sion (GR) de la bolte de vitesses, qui est en 
prise k ('instant consldere ; (3*) un signal 
d'entree (ES) representatif de la Vitesse de 
rotation du moteur ; (4*) un signal d'entree 
(IS) representatif de la vitesse de rotation de 
Tarbre d'entree de la botte de vitesses ; et 
(5*) un signal d'entree (OS) representatif de la 
Vitesse de rotation de I'arbre de sortie de la 
bolte de vitesses, ledit ensemble processeur 
comprenant des moyens pour traiter lesdits 
signaux d'entree conformement k un program- 
me, afin d'eiaborer des signaux de sortie de 
mani§re que ledit systeme de transmission soit 
manoeuvre en accord avec ledit programme, 
ainsi qu'un dispositif (34) associe audit syste- 
me de transmission, agissant sur ladite boUe 
de vitesses pour obtenir la mise en prise des- 
dltes combinaisons d'engrenages assurant les 
rapports de transmission convenables en re- 
ponse aux signaux de sortie dudit ensemble 
processeur. ce systeme de commande etant 
caracterise par le fait 

que des moyens sont prevus, definissant 
des regies de logique, lorsque ladite bolte de 
vitesses est en prise avec un rapport de tran- 
smission (GR) connu et que ledit embrayage 
est engage k fond, pour detector la presence 
ou I'absence de defauts dans les signaux d'en- 
tree representatifs des vitesses de rotation du- 
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dit moteur, de Tarbre d'entree et de Tarbre de 
sortie, ainsi que d'autres moyens definissant 
des regies de logique qui interviennent si une 
Incorrection vient a §tre d§tect6e dans un seul 
desdits signaux d'entree reprdsentatifs respec- 
tivement des vitesses de rotation dudit moteur, 
de I'arbre d'entree et de i'arbre de sortie, pour 
ignorer le signal errone ainsi identifi^ et pour 
traitor lesdits signaux d'entree qui sent cor- 
rects, afin d'elaborer une valeur acceptable 
pour ie signal erroni ainsi Identifid. 

18. Le systeme de commande selon la revendica- 
tion 17, caract6ris^ par le fait 

que la presence d'un signal errone parmi 
les signaux d'entree repr^sentatifs des vites- 
ses de rotation dudit moteur, de I'arbre d'en- 
tree et de I'arbre de sortie est detectee si la 
relation ci-dessous n'est pas satisfalte : 

ES = IS = GR • OS 

dans faquelle : 

ES = la valeur du signal d'entree reprisentatif 
de la Vitesse de rotation du moteur, 
IS = la valeur du signal d'entree representatif 
de la Vitesse de rotation de I'arbre d'entree, 
OS - la valeur du signal d'entrde representatif 
de ia Vitesse de rotation de I'arbre de sortie. 
QR = un signal d'Identification du rapport de 
transmission qui est en prise a {'instant consi- 
dire. 



que IS est determine comme etant errone 
tandis que ES et OS sont determines comme 
n 'etant pas errones si : 

5 El est plus grand que 0 

E2 = 0 

E3 est plus grand que 0, et 
ES = GR • OS * 0 

10 22. Le systeme de commande selon la revendica- 
tion 20, caracterlse par le fait 

que si ES est determine comme etant 
errone. tandis que IS et OS sont determines 
comme n 'etant pas errones, le programme est 

15 modifie en posant ES = IS si I'embrayage est 

engage a fond et en utilisant la derniere valeur 
de IS captee avant debrayage si I'embrayage 
n'est pas tout ^ fait en prise. 

20 23. Le systeme de commande selon la revendica- 
tion 21. caracterise par le fait 

que si IS est determine comme etant erro- 
ne, tandis que ES et OS sont determines com- 
me n'etant pas errones, le programme est mo- 

25 difie en posant IS = ES s! I'embrayage est 

engage a fond, en posant IS = OS * GRsi la 
boUe de vitesses est en prise sur un rapport 
de transmission, en posant IS = ES si un 
passage de vitesses est en cours d'execution 

30 et si le produit GR * OS est plus grand que la 

Vitesse de ralenti du moteur, et en posant IS * 
O dans le cas contraire. 



19. Le systeme de commande selon la revendlca- 
tion 18. caracterise par le fait 

que ridentification du signal errone. parmi 
les signaux d'entree representatifs des vites- 
ses de rotation dudit moteur, de I'arbre d'en- 
tree et de I'arbre de sortie s'effectue par fe 
cafcul des valeurs des criteres ci-dessous : 

El -lES-ISl 

E2 =|ES-(GR*0S)1 
E3 =|IS-(GR*OS)l 

20. Le systeme de commande selon la revendica- 
tion 19, caracterise par le fait 

que ES est determine comme etant erro- 
ne, tandis que IS et OS sont determines com- 
me n etant pas enrones si : 

E1 est plus grand que 0 ; 
E2 est plus grand que 0 ; 
E3 = 0 ; et 
IS = GR • OS ^ 0 

21. Le systeme de commande selon la revendlca- 
tion 19, caracterise par le fait 



24. Le systeme de commande selon la revendica- 

35 tlon 19, caracterise par le fait 

que lesdits signaux d'entree comprennent 
en plus (6* ) un signal d'entree indiquant I'actl- 
vation des f reins du vehicule et dans lequel, si 
OS est determine comme etant errone alors 

40 que ES et IS sont determines comme n'etant 

pas errones, le programe est modifie en po- 
sant OS = IS/GRsi la botte de vitesses est en 
prise sur un rapport de transmission connu, en 
posant OS = 0 si un passage au point mort 

45 est demande. ce qui determine le calcui d'une 

valeur egale h d(OS/GR)/dt prealablement aux 
operations de passage des vitesses et en po- 
sant OS = (IS/GR) + Kou K est proportlonnel 
au temps qui s'est ecouie depuis le commen- 

50 cement d'une manoeuvre de passage de vites- 

ses ainsi qu'^ la valeur de d(IS/GR)/dt h I'ins- 
tant oQ a commence ladite manoeuvre si la 
valeur de d(IS/GR}/dt est negative et que les 
freins du vehicule sont actionnes et en posant, 

55 dans le cas contraire. OS = demidre valeur 

connue de IS/GR. 
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AnsprUche 

1. Verfahren zum Steuern eines automatischen 
mechanischen Getriebesystems (10) fOr Fahr- 
zeuge bzw. Gerate mit einem drosselgesteuer- 
ten Motor (14), einem Getiiebe (12). das eine 
Vielzahl von Gangstufenkombinationen auf- 
wsist die wahlweise zwischen einer Getrlebe- 
ausgangsweile (20) und einer Getriebeein- 
gangswelle einlegbar sind. die antriebsmS^ig 
mtt dem Motor mittels einer walilweise ein- 
und ausrOckbaren Kupplung (16) kuppelbar 1st. 
die In dem vol! eingekuppelten Zustand eine 
im wesentiichen schlupffreie Antriebsverbin- 
dung zwischen dem Motor und der Eingangs- 
welle ergibt, wobei das automatisdne mechani- 
sche Getriebesystem eine Informationsverar- 
beitungseinheit (42) mit Mittein zum Empfan- 
gen einer Reihe von Eingangsslgnalen auf- 
weist, die (1) ein den vollstandig eingekuppel- 
ten Zustand der Kupplung kennzeichnendes 
Bngangssignal (30): (2) ein die gerade einge- 
legte Gangstufe (GR) des Getriebes kenn- 
zeichnendes Eingangssignal; (3) ein die Dreh- 
zahl des Motors kennzeichnendes Bngangssi- 
gnal (ES); (4) ein die Drehzahl der Getriebeein- 
gangswelle kennzeichnendes Eingangssignal 
(IS) und (5) ein die Drehzahl der Getrlebeaus- 
gangswelle kennzeichnendes Eingangssignal 
(OS) umfassen. wobei die Verarbeltungseinheit 
zum Verarbeiten der Eingangssignale entspre- 
chend einem Programm und zum Erzeugen 
von Ausgangsslgnaien Mittel enthalt, um das 
Getriebesystem entsprechend dem Programm 
zu betrieben; und mit Mittein (34), die dem 
Getriebesystem zugeordnet sind und dazu die- 
nen, das Getriebesystem zu betatigen, um die 
Gangstufenkombination in Abhangigkeit von 
den Ausgangsslgnaien der Verarbeitungsein- 
heit einzulegen, gekennzeichnet durch: 

Ermittein des Vorliegens Oder Fehlens von feh- 
lerhaften Eingangssignalen, die fOr die Dreh- 
zahl des Motors, der Eingangswelle und der 
Ausgangswelle kennzelchnend sind, wenn in 
dem Getriebe eine bekannte Gangstufe einge- 
legt und die Kupplung vollstSndIg eingekuppelt 
ist; und 

Modifizieren des Programms durch Ignorieren 
des identifizierten, fehlerhaften Eingangssi- 
gnals und Verarbeiten der restlichen Eingangs- 
signale entsprechend festgelegter logischer 
Regeln. um einen akzeptablen Wert fOr das 
identifizierte fehierhafte Signal zu bestimmen. 
wenn nur eines der Eingangssignale die fur die 
Drehzahl, des Motors, der Eingangswelle und 
der Ausgangswelle kennzelchnend sind, als 
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fehlerhaft ermittelt wurde. 

L Verfahren nach Anspruch 1. bei dem das Er- 
mittein des Vorliegens und die Identitat von 
fehlerhaften Eingangssignalen. die fOr die 
Drehzahl des Motors, der Bngangswelle und 
der Ausgangswelle kennzeichnend sind, durch- 
gefOhrt wird, wenn sich das Getriebe in einer 
bekannten Gangstufe befindet und die Kupp- 
lung vollstandig eingekuppelt ist 

3. Verfahren nach Anspruch 1, bei dem das Vor- 
liegen eines fehlerhaften Bngangssignals.das 
fur die Drehzahl des Motors, der Eingangswel- 
le und der Ausgangswelle kennzeichnend ist. 
ermittelt wird, wenn die folgende Beziehung 
unwahr ist: 

ES = iS = GR .OS 
mit 

ES = Wert des fOr die Drehzahl des 
Motors kennzeichnende Ein- 
gangssignal. 

IS = Wert des fUr die Drehzahl der 
Eingangswelle kennzeichnende 
Eingangssignal, 

OS = Wert des fUr die Drehzahi der 
Ausgangswelle kennzeichnenden 
Eingangssignals, und 

GR - ein Signal, das fGr den bekann- 
ten, gerade eingelegten Gang 
kennzeichnend ist. 

4. Verfahren nach Anspruch 2 oder 3, bei dem 
die Identitat eines fehlerhaften Eingangssi- 
gnals. das fur die Drehzahl des Motors, der 
Eingangswelle und der Ausgangswelle kenn- 
zeichnend ist. durch Berechnen der Werte von 

E, = |ES - IS| 

E2 = |ES - (GR . OS)| 

Ea = jlS - (GR . 0S)| 

bestimmt wird. 

5. Verfahren nach Anspruch 4, bei dem ES als 
fehlerhaft sowie IS und OS als nicht fehlerhaft 
bestimmt werden, wenn gilt: 

El ist gro/3er als 0; 
E2 ist grofier als 0: 
E3 = 0 
und 

IS = GR . OS 0. 

6. Verfahren nach Anspruch 4. bei dem wenig- 
stens zwel der SIgnale ES. IS und OS als 



13 



25 



BP 0 241 216 B1 



fehlerhaft bestimmt werden, wenn gilt 

El ist grofler als 0; 
Ea ist grower als 0; 

Ea = 0 5 
und 

IS = QR . OS = 0. 

7. Verfahren nach Anspruch 4, bei dem IS als 
fehlerhaft und ES sowie OS als nicht fehlerhaft io 
ermlttelt werden, wenn gilt: 

El ist grower als 0 
Ea = 0 

Ea ist grofier als 0 75 
und 

ES = GR . OS 0. 

8. Verfahren nach Anspruch 4, bei dem wenig- 
stens zwer der Signale ES, fS oder OS als 20 
fehlerhaft bestimmt werden, wenn gilt 

El ^ ist gr5J3er als 0 
E2 = 0 

E3 = ist gro0er als 0 25 
und 

ES = OS = 0. 

9. Verfahren nach Anspruch 4, bei dem OS als 
fehlerhaft und ES sowie IS als nicht fehlerhaft so 
bestimmt werden, wenn gilt 

El = 0 

Ez ist grower als 0 

Es Ist grower als 0 3S 
und 

ES = IS * 0. 

10. Verfahren nach Anspruch 4. bei dem wenig- 
stens zwei der Signale ES, IS und OS ^s 40 
fehlerhaft bestimmt werden, wenn gilt 

El « 0 

E2 ist grower als 0 

Ea ist grdiSer als 0 45 
und 

ES = IS = 0. 

11. Verfahren nach Anspruch 4, bei dem wenig- 
stens zwei der Signale ES, IS und OS als so 
fehlerhaft bestimmt werden, wenn gilt: 

E, = 0 

E2 ist gr6/3er als 0 

Ea = ist grower als 0 S6 
und 

ES = OS = 0. 



12. Verfahren nach Anspnjch 7, be! dem OS als 
fehlerhaft und ES sowie IS als fehlerfrei be- 
stimmt werden. wenn gilt 

El = 0 

E2 ist grofler als 0 
Ea ist groi^er als 0 
und 

ES = GR . OS * 0. 

13. Verfahren nach Anspruch 4, bei dem wenig- 
stens zwei der Signale ES, IS und OS als 
fehlerhaft bestimmt werden. wenn gilt 

El = 0 

E2 ist grofler als 0 
= ist grofler als 0 

und 

ES = OS = 0. 

14. Verfahren nach Anspaich 5. bei dem, falls ES 
als fehlerhaft und IS sowie OS als fehlerfrei 
bestimmt werden, das Programm in der Weise 
modifiziert wird, da/3 ES gleich IS gelassen 
wird, wenn die Kupplung volistSndig eingekup- 
pelt istr und da6 der gemessene Wert von IS 
vor dem Auskuppein verwendet wird, wenn die 
Kupplung nicht vollstSndig eingel<uppelt ist. 

15. Verfahren nach Anspruch 7. bei dem, falls IS 
als fehlerhaft und ES sowie OS als fehlerfrei 
bestimmt werden, das Programm in der Weise 
modifiziert wird, da/3 IS gleich ES gelassen 
wird, wenn die Kupplung vollstandig eingekup- 
pelt ist, dafl IS = OS . GRgelassen wird, wenn 
in dem Getriebe eine bekannte Gangstufe ein- 
gelegt Ist. und dafl IS = ES gelassen wird. 
wenn ein Schaltvorgang ablauft und GR . OS 
gr5fler ist als die IVIotorleerlaufdrehzahl, wah- 
rend sonst IS » 0 gelassen wird. 

16. Verfahren nach Anspruch 9. bei dem die Ein- 
gangssignale zusatzlich (6) ein Eingangssignal 
(38) umfassen, das fUr die Betatigung der 
Fahrzeugbremsen (40) kennzeichnend ist,und 
bei dem, fails OS als fehlerhaft und ES sowie 
IS als fehlerfrei bestimmt werden, das Pro- 
gramm in der Weise modifiziert wird, dafl OS 
= IS/GRgelassen wird. wenn in dem Getriebe 
eine bekannte Gangstufe elngelegt ist, dafl OS 
= 0 gelassen wird, wenn ein Schaltvorgang in 
den Getriebeleerlauf angefordert ist, dafl die 
Berechnung eines Wertes, der gleich ist d- 
(OS/GR)/dt vor den Gangwechselfunktionen 
bewirkt -wird, und dafl OS = (IS/QR)- 
/•i-Kgelassen wird, wobei K der Zeit, seit ein 
Schaltvorgang begonnen wurde, und dem Wert 
von d(lS/GR)/dt beim Beginn des Schaltens 
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proportional 1st, wenn dOS/GT)/dt Welner a!s 0 
1st und die Fahrzeugbremsen betatigt sind, 
wShrend sonst OS airf den letzten bekannten 
Wert von IS/GR geiassen wird. 

5 

17. Steuersystem zum Steuem eines automati- 
schen mechanischen Getriebesy stems (10) fur 
Fahrzeuge bzw. GerSte mit einem drosselge- 
steuerten Motor (14), einem Getriebe (12), das 
eine Vielzahl von Gangstufenkombinationen ia 
aufweist, die wahlweise zwischen einer Getrie- 
beausgangswelle (20) und einer Getriebeein- 
gangswelle einlegbar sind, die antriebsmaflig 
mit dem Motor mittels einer wahlweise ein- 
und ausrOckbaren Kupplung (16) kuppelbar ist, t5 
die in dem voll eingekuppelten Zustand eine 
im wesentlichen schiupffreie Antriebsverbin- 
dung zwisciien dem Motor und der Bngangs- 
welle ergibt, wobei das automatische mechani- 
sche Getriebesystem eine Infonnationsverar- so 
beitungseiniieit (42) mit Mittein zum Empfan- 
gen einer Reihe von Eingangssignalen auf- 
weist, die (1) ein den vollstandig eingekuppel- 
ten Zustand der Kupplung kennzeichnendes 
Bngangssigna! (30); (2) eIn die gerade einge- 25 
legte Gangstufe (GR) des Getriebes kenn- 
zeichnendes Eingangssignal; (3) ein die Dreh- 
zahl des Motors kennzeichnendes Eingangssi- 
gnal (ES); sowie (4) ein die Drehzahl der Ge- 
triebeeingangsweile kennzeichnendes Ein- 30 
gangssignal (IS) und (5) ein die Drehzahl der 
Getrlebeausgangswelle kennzeichnendes Ein- 
gangssignal (OS) umfassen, wobel die Verar- 
beitungseinheit zum Verarbeiten der Eingangs- 
signale entsprechend einem Programm und 3S 
zum Erzeugen von Ausgangsslgnaien Mittel 
enthSIt, um das Getriebesystem entsprechend 
dem Programm zu betrieben; und mit Mittein 
(34), die dem Getriebesystem zugeordnet sind 
und dazu dienen. das Getriebesystem zu beta- 4o 
tigen, um die Gangstufenkombination in Ab- 
hSnglgkeit von den Ausgangssignalen der Ver- 
arbeitungseinheit einzulegen, gekennzeichnet 
durch: 

Mittel zum Festlegen logischer Regeln, die 4S 
wirksam sind, wenn in dem Getriebe eine be- 
kannte Gangstufe eingelegt und die Kupplung 
vollstandig eingekuppelt ist, um das Vorliegen 
Oder Fehlen von fehlerhaften Eingangssigna- 
len, die fOr die Drehzahl des Motors, der Ein- so 
gangswelle und der Ausgangsweile kennzelch- 
nend sind, zu ermitteln. und 
weitere Mittel zum Festlegen logischer Regeln, 
die wirksam sind, wenn nur eines der Ein- 
gangssignale die fUr die Drehzahl des Motors, 55 
der Eingangswelle und der Ausgangsweile 
kennzelchnend sind, als fehlerhaft ermitteit 
wurde, um die identifizierten, fehlerhaften Ein- 



gangssignale zu Ignorieren und die restlichen 
Bngangsslgnale zu verarbeiten. um einen ak- 
zeptablen Wert fur das Identifizlerte fehlerhafle 
Signal zu bestimmen. 

ia Steuersystem nach Anspruch 17. bei dem das 
Vorliegen eines fehlerhaften Eingangssi- 
gnals.das fOr die Drehzahl des Motors, der 
□ngangswelle und der Ausgangsweile kenn- 
zeichnend ist. ermitteit wird, wenn die folgende 
Beziehung unwahr ist: 

ES = !S = GR .OS 

mit 

ES = Wert des fur die Drehzahl des 

Motors kennzelchnende Ein- 
gangssignal. 

IS = Wert des fUr die Drehzahl der 
Eingangswelle kennzeichnende 
Eingangssignal, 

OS = Wert des fUr die Drehzahl der 
Ausgangsweile kennzeichnenden 
Eingangssignals, und 

GR = ein Signal, das fUr den bekann- 
ten. gerade eingelegten Gang 
kennzelchnend Ist. 

19. Steuersystem nach Anspmch 18, bei dem die 
Identitat eines fehlerhaften Eingangssignals. 
das fQr die Drehzahl des Motors, der Ein- 
gangswelle und der Ausgangsweile kennzelch- 
nend ist. durch Berechnen der Werte von 

E, = [ES - IS| 

Ea = |ES - (GR . 0S)| 

Ea = |IS - (GR . 0S)| 

bestlmmt wird. 

20. Steuersystem nach Anspruch 19. bei dem ES 
als fehlerhaft sowie IS und OS als nicht fehler-' 
haft bestimmt werden, wenn gilt: 

El ist grofier als 0; 
Ea ist grofler als 0: 
Ea = 0 
und 

IS = GR . OS -^^ 0. 

21. Steuersystem nach Anspruch 19, bei dem IS 
als fehlerhaft und ES sowie OS als nicht fehler- 
haft ermitteit werden. wenn gilt: 

El ist groBer als 0 
Ea = 0 

Ea ist groiSer als 0 
und 

ES = GR . OS 0. 
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22. Steuersystem nach Anspruch 20. bei dem. falls 
ES als fehlerhaft und IS sowie OS als fehlerfrei 
bestimmt werden, das Programm in der Weise 
modifiziert wird. dai3 ES = IS gelassen wird. 
wenn die Kupplung vollst^ndig eingekuppelt 5 
ist. und 6aB der gertiessene Wert von 15 vor 
dem Auskuppein ven/vendet wird, wenn die 
Kupplung nicht voirstSndig eingekuppelt ist. 

23. Steuersystem nach Anspruch 21, bei dem, falls io 
IS als fehlerhaft und ES sowie OS als fehlerfrei 
l3estimmt werden, das Programm in der Weise 
modifiziert wird, dafl IS = ES gelassen wird. 
wenn die Kupplung vollstSndig eingekuppelt 

ist, da/3 IS = OS . GRgelassen wird, wenn in is 
dem Getriebe eine bekannte Gangstufe einge- 
legt Ist und dai3 IS = ES gelassen wird. wenn 
ein Schaltvorgang ablauft und GR . OS gr65er 
ist als die Motorleerlaufdrehzahl, wShrens 
sonst IS = 0 gelassen wird. 20 

24. Steuersystem nach Anspruch 19, bei dem die 
Eingangssignale zusatzlich (6) ein Eingangssi- 
gnal (38) umfassen, das fUr die BetStigung der 
Fahrzeugbremsen (40) kennzelchnend ist.und 25 
bei dem. falls OS als fehlerhaft und ES sowie 

IS als fehlerfrei bestimmt werden, das Pro- 
gramm in der Weise modifiziert wird. daB OS 
= IS/GR gelassen wird, wenn in dem Getriebe 
eine bekannte Gangstufe eingelegt Ist. da0 OS 30 
- 0 gelassen wird, wenn ein Schaltvorgang In 
den Getrlebeleerlauf angefordert ist, dai3 die 
Berechnung eines Wertes, der gleich ist d- 
(OS/GR)/dt vor den Qangwechselfunktionen 
bewirkt wird, und daiS OS = (IS/GR)- 35 
/+Kgelassen wird, wobei K der Zeit. selt ein 
Schaltvorgang begonnen wurde, und dem Wert 
von d(IS/GR)/dt beim Beginn des Schaltens 
proportional ist, wenn d(IS/GT)/dt kleiner als 0 
ist und die Fahrzeugbremsen betatigt sind, 40 
wahrend sonst OS auf den letzten bekannten 
Wert von IS/GR gelassen wird. 
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